Orientation relationships between H, IQC and Mg phases
In the as-cast alloy, the H phase has no apparent orientation relationship with the Mg matrix, through extensive electron diffraction analyses. High-resolution STEM observations also confirmed this, as shown in Fig. S2a . After the in situ heating process, the newly formed IQC particles have specific orientation relationships with the H phase, but both of them have not apparent orientation relationships with the Mg matrix (Fig. S2b) .
Interconnection of distorted icosahedra in the H phase
In the structure of H phase, four independent atomic sites -three Zn sites and the mixed Mg/Zn site -have icosahedral coordination, denoted as Zn1, Zn2, Zn3 and Mg/Zn icosahedra ( Supplementary Fig. 3 
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